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WAKE ABSORBER 

STATEMENT OF GOVERNMENT INTEREST 

The invention described herein may be manufactured and 
used by or for the Government of the United States of 
America for Governmental purposes Without the payment of 
any royalties thereon or therefore. 

CROSS REFERENCE TO OTHER RELATED 
APPLICATIONS 

Not applicable. 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The invention relates to the reduction of a visible Wake of 

a surface vessel or underWater vessel having a structure 
extending above the surface, and of a submerged Wake. 

(2) Description of the Prior Art 
The surface Wake of a ship, or a near surface submarine, 

is easy to detect from an airplane or satellites. The under 
Water Wake of a propulsor can last for long distances because 
it is basically a longitudinal vortex, Which dissipates sloWly. 
Adevice to control such Wakes Would provide stealth to such 
vessels When needed. In commercial applications, the miti 
gation of a Wake of a large vehicle or propulsor alloWs closer 
spacing of ships moving in line one behind the other. 

There is a need for devices for mitigating as Well as 
detecting propulsor Wakes, for both underWater and surface 
vehicles. Wake mitigation makes the acoustic and non 
acoustic diagnostic of the Wakes of vehicles more dif?cult. 
For surface ships, any mitigation of the frothy White Wakes 
of vehicles makes their direct visual or satellite observation 
someWhat more dif?cult. 

SUMMARY OF THE INVENTION 

An object of the invention is, therefore, to provide an 
aquatic vehicle in combination With a Wake absorber that 
reduces the Wake of the vehicle to render the Wake less 
pronounced visually and acoustically. 
A further object of the invention is to provide an aquatic 

vehicle in combination With apparatus for altering the How 
of a Wake to modify the tonal output of the vehicle propulsor. 
A still further object of the invention is to provide 

apparatus for detecting and identifying the Wakes of aquatic 
vessels. 

With the above and other objects in vieW, a feature of the 
present invention is the provision of an aquatic vehicle in 
combination With a Wake absorber. The combination com 
prises an aquatic vehicle, a propulsor mounted on the vehicle 
and operative to propel the vehicle through a Water medium, 
and a Wake absorber mounted on the vehicle aft of the 
propulsor. The Wake absorber comprises an arti?cial muscle 
surface adapted to be impinged upon by a Wake created by 
the propulsor. The Wake absorber further comprises elec 
trodes mounted on the arti?cial muscle surface. Pressure of 
the Wake upon the muscle surface exercises a bending force 
on the surface, Which creates energy that is then recovered 
by the electrodes as electrical poWer. Energy removed from 
the muscle surface by the electrodes Weakens the Wake and 
renders the Wake less pronounced visually and acoustically. 

In accordance With a further feature of the invention, there 
is provided an aquatic vehicle in combination With a Wake 
modifying assembly. The combination comprises an aquatic 
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vehicle, a propulsor mounted on the vehicle and operative to 
propel the vehicle through a Water medium, and a Wake 
modifying assembly mounted on the vehicle aft of the 
propulsor, the assembly comprising an arti?cial muscle 
surface adapted to be impinged upon by a Wake, and 
electrodes mounted on the arti?cial muscle surface. PoWer 
means direct an electrical signal to the electrodes to cause 
the muscle surface to de?ect so as to alter How of the Wake 
and thereby modify tonal signals of the propulsor. 

In accordance With a still further feature of the invention, 
there is provided an aquatic vehicle in combination With a 
Wake modi?er, the combination comprising an aquatic 
vehicle, a propulsor mounted on the vehicle and operative to 
propel the vehicle through a Water medium, and a Wake 
modi?er mounted on the vehicle aft of the propulsor. The 
Wake modi?er comprises an arti?cial muscle surface 
adapted to be impinged upon by a Wake created by the 
propulsor, electrodes mounted on the arti?cial muscle sur 
face, and a poWer source in communication With the elec 
trodes. Pressure of the Wake upon the muscle surface exer 
cises a bending force on the surface, Which creates energy 
Which is recovered by the electrodes as electrical poWer, 
energy removed from the muscle surface by the electrodes 
Weakening the Wake and rendering the Wake less pro 
nounced visually and acoustically. Asignal selectively trans 
mitted from the poWer source to the electrodes operates to 
cause the muscle surface to de?ect so as to alter How of the 
Wake and thereby modify tonal signals of the propulsor. 

In accordance With a still further feature of the invention, 
there is provided a Wake detector comprising an arti?cial 
muscle surface of an electro-active polymeric material, the 
surface being adapted to be impinged upon by a Wake 
created by a propulsor of an aquatic vehicle, and electrodes 
mounted on the arti?cial muscle surface and in contact 
thereWith. Pressure exerted by a Wake upon the muscle 
surface exercises a bending force on the surface, Which 
creates energy Which is recovered by the electrodes as 
electrical poWer and transmitted by insulated electrical leads 
to a monitor means. The monitor means digitiZes the elec 
trical impulses from the electrode. 

In accordance With a still further feature of the invention, 
the monitor means noted immediately above comprises a 
Wake identi?cation facility, such that the Wake detector by 
virtue of digitiZing the Wake signals thereby functions 
further as a Wake signature detector. 

The above and other features of the invention, including 
various novel details of construction and combinations of 
parts, Will noW be more particularly described With reference 
to the accompanying draWings and pointed out in the claims. 
It Will be understood that the particular devices embodying 
the invention are shoWn by Way of illustration only and not 
as limitations of the invention. The principles and features of 
this invention may be employed in various and numerous 
embodiments Without departing from the scope of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Reference is made to the accompanying draWings in 
Which are shoWn illustrative embodiments of the invention, 
from Which its novel features and advantages Will be appar 
ent, Wherein corresponding reference characters indicate 
corresponding parts throughout the several vieWs of the 
draWings and Wherein: 

FIG. 1 is a side elevational vieW of a knoWn aquatic 
vehicle of the underWater type; 
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FIG. 2 is a side elevational vieW of the aquatic vehicle of 
FIG. 1 in combination With a Wake absorber, illustrative of 
an embodiment of the invention; 

FIG. 3 is a side diagrammatical vieW of one form of 
arti?cial muscle surface used in the Wake absorber of FIG. 
2; 

FIG. 4 is an enlarged side diagrammatical vieW of a 
portion of the surface of FIG. 3; 

FIG. 5 is a perspective diagrammatical vieW of the portion 
of FIG. 4 mounted on a circular surface; 

FIG. 6 is a Wholly diagrammatical vieW of another form 
of arti?cial muscle surface; 

FIG. 7 is a partly side elevational vieW and partly per 
spective vieW of a propulsor and a Wake absorber of the type 
shoWn in FIGS. 5 and 6; and 

FIG. 8 is a partly side elevational and partly diagram 
matical vieW of an alternative embodiment of Wake 
absorber. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, there is shoWn an aquatic vehicle 20 
Which may be virtually any aquatic vehicle having self 
contained means for propelling the vehicle through a Water 
medium, either Wholly or in part on the surface or beneath 
the surface of the Water. 

Apropulsor 22 is mounted on the vehicle 20 and includes 
thrust-producing means, typically one or more propellers, or 
a jet noZZle. The propulsor creates an energetic Wake W that 
is detectable acoustically and, if the vehicle 20 is Wholly or 
in part on the surface, is detectable visually, particularly 
from airborne observation platforms. 

In FIG. 2, there is shoWn the same vehicle 20 With a Wake 
absorber 24 mounted on the vehicle and effective to absorb 
energy from the Wake so as to trail a reduced Wake, Which 
is less pronounced and therefore less likely to be detected, 
visually or acoustically. 

Referring to FIG. 3, it Will be seen that a component of the 
Wake absorber 24 is an arti?cial muscle surface 26 having 
mounted thereon or therein arrays 28 of electrodes 30. The 
arti?cial muscle surface 26 preferably is of an electro-active 
polymeric material. There are several electro-active materi 
als knoWn in the art for use in arti?cial muscle applications 
that are applicable to the present invention. For example, 
there are dielectric elastomers such as the silicon based 
HS3TM manufactured by DoW Corning, or the acrylic based 
VHB 4910TM manufactured by 3M. There are relaxor fer 
roelectric polymers made of polyvinylidene ?uoride-tri?uo 
roethylene. There are conducting polymers also knoWn as 
conjugated polymers made of polypyrrole or polyaniline. 
There are ionic polymer/metal composites fabricated With 
ion exchange membranes such as Na?onTM from Dupont, 
USA. The arti?cial muscle surface 26 should be ?exible and 
capable of supporting numerous arrays 28 of miniature 
electrodes 30 (FIG. 4) Which are exposed to the muscle 
surface 26. The electrodes 30 are capable of generating a 
voltage across muscle surface 26, or of converting mechani 
cal energy from the muscle surface 26 into electricity. 
When the Wake ?uid stream arrives at the muscle, the 

?uid-structural interaction tends to de?ect the muscle sur 
face 26. HoWever, because the surface 26 is an electro-active 
polymeric muscle, and because of the operation of the 
electrodes 30 that are joined to a poWer source 31 that is 
producing shaped pulsed Wave forms, the energy Which 
normally Would de?ect the surface 26 is recovered as 
electrical poWer by electrodes 30 and the surface 26 remains 
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4 
essentially unmoved, although minute movements of the 
surface occur. The arti?cial muscle 26 acts as an absorber of 
the kinetic and potential energy of the Wake and the elec 
trodes 30 convert at least a portion thereof to electricity. 

The electrodes 30 may be built into the surface 26 or may 
be pressed onto the surface 26. In a preferred embodiment, 
the electrodes 30 are transducers With programmable elec 
tronics packages in communication With the above men 
tioned poWer source 31 and operative to convert the de?ect 
ing forces on the muscle surface into electricity. 
The electrodes 30 are provided With leads 32 that are 

electrically insulated from the muscle 26, While the elec 
trodes 30 are exposed to the muscle 26 and act as sensors and 
produce electricity. 

Referring to FIG. 5, it Will be seen that the muscle surface 
26 may be in the form of a cylindrically shaped tube 34. In 
FIG. 5, only a portion 36 of the electrode arrays 28 is shoWn. 

In FIG. 6, it is shoWn hoW a Wake vortex V moving along 
an axis v1, v2 essentially parallel to a muscle surface 26, but 
moving also in a vortex sWirl direction V1, can exercise a 
bending force on the muscle surface. In such instance, the 
electrodes 30, shoWn diagrammatically in FIG. 6, transmit 
electricity through the leads 32, absorbing energy from the 
Wake W and reducing it to the lesser Wake W. 

In FIG. 7, there is shoWn an embodiment in Which 
concentric muscle sleeves 26, 26a and 26b are utiliZed. 

In FIG. 8, ribbons 38 of muscle surfaces 26 are trailed aft 
of the propulsor 22. As described hereinabove, the muscle 
surface acts as a Wake absorber, reducing a Wake so as to 
diminish the likelihood of its being detected. The Wake 
absorber 24 and associated electronic equipment essentially 
digitiZes a segment of a Wake. The conversion of a How ?eld 
to digital bits has signi?cance not only in control, as in Wake 
absorption, but also for detection of vessels. That is, the 
Wake absorber 24 can also be used to detect the Wakes of 
other vessels. The Wake absorber 24 may be toWed or carried 
by an unmanned undersea vehicle and used as a means for 
detecting and identifying Wakes of other vehicles. Signals 
generated by the electrodes 30 are transmitted by the leads 
32 to a monitor 35. Preferably, the monitor 35 is provided 
With Wake identi?cation means, providing the system With a 
Wake identi?cation capability. 

Another use for the Wake absorber 24 is to program the 
electronic package Within each electrode 30 to introduce 
programmed disturbances into a Wake by Way of energiZing 
the electrodes 30, to confuse an enemy. In particular, the 
Wake absorber apparatus can mask the unique blade tonals 
of individual vessel. 

It Will be apparent that any or all of the poWer source 31 
and monitor 35 can be combined in one structural unit (not 
shoWn). There is thus provided a Wake absorber apparatus 
Which is useful in (1) reducing the Wakes of aquatic vehicles 
by WithdraWing energy from the Wakes attenuating both the 
visual and acoustic aspect of the Wake (2) detecting the 
Wakes of other aquatic vehicles, and (3) altering the “sig 
natures” of aquatic vehicles by deliberately inputting energy 
into the Wakes thereof. 

It Will be understood that many additional changes in the 
details, materials, steps and arrangement of parts, Which 
have been herein described and illustrated in order to explain 
the nature of the invention, may be made by those skilled in 
the art Within the principles and scope of the invention as 
expressed in the appended claims. 
The foregoing describes the invention in terms of embodi 

ments foreseen by the inventor and for Which an enabling 
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description is available. Insubstantial modi?cations of the 
invention not presently foreseen may nonetheless represent 
equivalents. 
What is claimed is: 
1. An apparatus for absorbing a Wake created by an 

aquatic vehicle having a propulsor mounted on said aquatic 
vehicle comprising: 

an arti?cial muscle surface mounted on said aquatic 
vehicle aft of said propulsor, adapted to be impinged 
upon by a Wake created by said propulsor; and 

at least one electrode mounted on said arti?cial muscle 
surface Wherein pressure of the Wake upon said arti? 
cial muscle surface exercises a bending force on said 
arti?cial surface, Which bending force creates energy 
that is recoverable by said at least one electrode as 
electrical poWer. 

2. The apparatus in accordance With claim 1 Wherein said 
arti?cial muscle surface is made of an electro-active poly 
meric material. 

3. The apparatus in accordance With claim 2 Wherein 
electrodes are exposed to the electro-active polymeric mate 
rial. 

4. The apparatus in accordance With claim 3 further 
comprising: 

at least one poWer source joined to said at least one 
electrode Wherein said at least one electrode is provided 
With insulated electrical leads placing said at least one 
electrode in communication With said at least one 
poWer source; and 

at least one monitoring means joined to said at least one 
electrode Wherein said at least one electrode is provided 
With insulated electrical leads placing said at least one 
electrode in communication With said at least one 
monitoring means. 

5. The apparatus in accordance With claim 4 Wherein said 
at least one electrode is responsive to signals from the at 
least one poWer source to move said arti?cial muscle surface 
to modify the Wake and thereby modify a tonal output of said 
propulsor. 

6. The apparatus in accordance With claim 1 Wherein said 
arti?cial muscle surface is disposed on inside Wall portions 
of a cylindrically shaped ?rst tube. 

7. The apparatus in accordance With claim 6 Wherein: 
at least a second cylindrically shaped tube is disposed 

concentrically of said ?rst tube; and 
an arti?cial muscle surface is disposed on said second 

tube. 
8. The apparatus in accordance With claim 1 further 

comprising: 
poWer means for directing an electrical signal to said at 

least one electrode to cause said muscle surface to 
de?ect the Wake so as to alter How of the Wake and 
thereby modify tonal signals of the propulsor. 

9. The apparatus in accordance With claim 8 Wherein said 
at least one electrode is provided With insulated electrical 
leads placing said at least one electrode in communication 
With said poWer means. 

10. The apparatus in accordance With claim 9 Wherein 
said at least one electrode is responsive to signals from said 
poWer means to move said muscle surface to modify the 
Wake and thereby modify tonal output of said propulsor. 
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11. An aquatic vehicle in combination With a Wake 

modi?er, the combination comprising: 
an aquatic vehicle; 
a propulsor mounted on said aquatic vehicle producing 

tonal signals and operative to propel said aquatic 
vehicle through a Water medium; 

a Wake modi?er mounted on said aquatic vehicle aft of 
said propulsor, said Wake modi?er comprising an arti 
?cial muscle surface adapted to be impinged upon by a 
Wake created by said propulsor, said Wake modi?er 
further comprising a plurality of electrodes mounted on 
said arti?cial muscle surface Wherein pressure of the 
Wake upon said arti?cial muscle surface exercises a 
bending force on said arti?cial muscle surface, Which 
bending force creates energy Which is recovered by 
said plurality of electrodes as electrical poWer, energy 
removed from said arti?cial muscle surface by said 
plurality of electrodes Weakening the Wake and render 
ing the Wake less pronounced visually and acoustically; 
and 

a poWer source in communication With said plurality of 
electrodes Wherein a signal selectively transmitted 
from said poWer source to said plurality of electrodes 
operates to cause said arti?cial muscle surface to 
de?ect so as to alter How of the Wake and thereby 
modify tonal signals of said propulsor. 

12. The combination in accordance With claim 11 
Wherein: 

said arti?cial muscle surface is of an electro-active poly 
meric material; and 

said plurality of electrodes are exposed to the electro 
active polymeric material. 

13. The combination in accordance With claim 12 Wherein 
said plurality of electrodes are provided With insulated 
electrical leads placing said plurality of electrodes in com 
munication With said poWer source. 

14. A Wake detector comprising: 
an arti?cial muscle surface of an electro-active polymeric 

material, the surface being adapted to be impinged 
upon by a Wake created by a propulsor of an aquatic 
vehicle; and 

a plurality of electrodes mounted on said arti?cial muscle 
surface and in contact thereWith; 

Wherein pressure exerted by a Wake upon said arti?cial 
muscle surface exercises a bending force on said arti 
?cial muscle surface, Which bending force creates 
energy that is recovered by said plurality of electrodes 
as electrical poWer and transmitted across insulated 
electrical leads to a monitor. 

15. The Wake detector in accordance With claim 14 
Wherein the electrical poWer transmitted across insulated 
electrical leads to a monitor comprises digitiZed electrical 
signals representative of a segment of the Wake. 

16. The Wake detector in accordance With claim 14 
Wherein the monitor is provided With a Wake identi?cation 
facility, such that the Wake detector is provided With a Wake 
signature identi?cation capability. 


